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中扮演着非常重要的角色。   










   1. 单粒子-金膜体系中的电磁增强特性研究。通过对单个 Au@SiO2 壳层隔绝 
纳米粒子-金膜体系进行系统研究表明，在外电场偏振方向平行于基底平面时，粒
子与金基底间仍可产生高的电场增强；1-2 nm 的 SiO2 壳层可以有效地阻止粒子
与基底间电子交换进而促进粒子与基底间的耦合效应。该理论为 SHINERS 实验
提供了理论指导，有望促进 SHINERS 在表面科学领域的应用。 




















































   For the past years, surface plasmons (SPs) has been widely applied in chemistry，
biology, surface science, material science and energy. Although the SPs related-fields 
have made great progresses, there are still some issues to be solved urgently. For 
example, the electromagnetic field enhancement mechanism in some novel 
spectroscopy techniques. Further improving the space resolution. The identifications 
of the novel plasmons resonances in the complex nanostructures. Thus, analyzing the 
SPs resonant modes and the related optical properties are very important and urgent 
because they will not only provide theoretical guidance, but also significantly promote 
wide applications of SPs. 
   This thesis, which is developed by correlating the numerical methods with 
experimental approaches, studies the plasmonics properties of nanosystems at 
interfaces and can be divided into seven parts. The introduction part induces the 
fundamental, applications and newly development of SPs. Based on that, the purposes 
and main tasks of this thesis were proposed. In the second chapter, the numerical and 
experimental methods used in this work were basically described. In the third chapter, 
the electromagnetic enhancement mechanism in SHINERS is explored through 
studying the optical properties in the single shell-isolated nanoparticle (SHIN)-gold 
film system. In the forth chapter, the precisely controlled transfer of “hot spots” in 
multiple nanoparticle aggregates-gold film system was revealed. In the fifth chapter, 
the Fano resonance properties were studied in the periodic arrays. In the sixth chapter, 
the plasmonic properties of magnetic-like resonances were explored in the particle 
with large size-dielectric layer-gold film system. In the seventh chapter, we explored 
the properties of acoustic plasmons modes in graphene resonator-gold film system. 
The main contents and highlights are listed as follows: 
   1. The electromagnetic enhancement optical properties of single particle-gold film 
system. Based on the systematical investigation of single SHIN-gold film, the 
findings show that 1-2 nm SiO2 shell can effectively stop the electrons exchange 















the substrate plane, the “hot spots” with high enhanced field at the particle-film 
junction was revealed. These findings provide theoretical guidance for SHINERS, and 
promote the applications of SHINERS in surface science.  
2. “Hot spots” controlled transfer in multiparticle-gold film configurations. 
Through systematically investigating the optical properties of multiparticle-gold film 
configurations, several SPR hybrid modes were revealed benefited from the complex 
plasmon coupling effects. By suppressing or promoting specific plasmon coupling 
effect, the position of “hot spots” can be precisely transfer between particle-particle 
and particle-gold film junctions. This is a general principle for multiparticle-gold film 
configuration. These findings significantly promote the development of SHINERS. 
    3. The investigation of Fano resonance properties in periodic arrays. The findings 
show that, the coupling degree between localized surface plasmons and propagating 
surface plasmons, which can be tuned by the structured parameter, plays the vital role 
in the happening of Fano resonance. The higher enhanced electric field, sensitivity 
and figure of merit (FOM) are obtained benefited from the Fano resonance. These 
findings imply that the Fano resonance is an effective way to increase the sensibility 
of surface enhanced spectroscopy and sensor. 
 4. Plasmonic magnetic resonances to enhance surface enhanced Raman  
spectroscopy. Combining with theoretical and experimental approaches, we designed 
a practical system to support magnetic resonances for enhanced surface spectroscopy. 
Our theoretical and experimental results imply that the magnetic mode is the optimal 
enhanced source, providing largest Raman signals in our studied system. This is the 
first time to use magnetic mode to enhance surface enhanced Raman spectroscopy, 
and it will promote the applications of magnetic modes in surface enhanced 
spectroscopy. 
   5. Studies on acoustic plasmon mode properties. In infrared and THz frequencies, 
graphene plasmons have shown great applications in surface enhanced spectroscopy, 
optical modulator and sensing because of their ultra-confined and enhanced field, 
highly tunable by electric gating. Herein, we studied the novel plasmonics properties 
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